Hypocotyl growth in Cucumis sativus L. cv Ridge Greenline is inhibited by increasing blue light (B) fluence rate in a near log linear fashion once a low fluence threshold is exceeded. Deviation from log linearity at the highest fluence rate used here is due to light perceived by the cotyledons and this effect is assigned to phytochrome. This response can be removed by Norflurazon treatment, without affecting the rest of the fluence response curve.
Hypocotyl elongation in de-etiolated cucumber seedlings (Cucumis sativus) is controlled by phytochrome and by the specific B photoreceptor (2, 9, 20, 21) . It is known that, to evoke high levels of photoinhibition, high fluence rates of B2 are required (2, 10) , though details of the relationship between fluence rate and the degree of photoinhibition are not understood. Further, it is not clear what contribution phytochrome might make to the total photoinhibition when photoconverted by B. In this paper, we describe the fluence-rate dependency of B action on deetiolated cucumber seedlings and examine the possible role of phytochrome in B photoinhibition.
MATERIALS AND METHODS Plant Material. Seeds of Cucumis sativus L. cv Ridge Greenline (Gunson, Witham, Sussex) were imbibed in water and planted in wet vermiculite. After growth in darkness for 3.75 d at 25C, seedlings were transplanted to fresh, wet vermiculite in plastic boxes after selection for height (30-40 mm). Plants were then de-etiolated for 30 h in white fluorescent light ('daylight') tubes at 100 ,Amol m-2 s-' as previously reported (2) . The de- etiolation treatment terminated with a saturating (20 min) (Fig. 1 ). R source was as previously described (8, 9 (1) .
These calculated values provide a description of the effect of a light environment on the phytochrome system but do not take into account the thermal loss of Pfr (16, 18) . The Pfr/P101 ratio was therefore measured by in vivo spectrophotometry with etiolated Cucumis hypocotyl hooks, as previously described (9) . These values were within 4% of the calculated o.
For irradiation with the xenon arc lamp, plants were placed along a light gradient where the fluence rate was varied by distance and by neutral density filters. In the horizontal light beam, the plants were rotated to simulate multilateral illumination (21) . At the end of the light gradient, a compartment was provided for the dark controls. The R/FR mixture was also provided as a similar lateral light gradient along a specially built growth-cabinet, which will be described in detail elsewhere.
When necessary, cotyledons were darkened by covering with aluminum foil envelopes so that the hypocotyl alone was illuminated, as previously described (2) .
RESULTS
The response of hypocotyl growth to increased fluence rate of B is shown in Figure 2 . Figure 3 . The response to the R/FR mixture, which produces a calculated photostationary state (4) = 0.4) similar to that produced by the B source, has a weak fluence rate dependence. R (4) = 0.72) also has a relatively weak fluence rate dependence over the range tested. However, the effect of B (4) terms of phytochrome cycling rates is examined (Fig. 4) (16) . When the threshold is exceeded, inhibition by B increases approximately linearly with the logarithm of the fluence rate until the highest fluence rate is reached, which is disproportionately more effective. This departure from log linearity suggests that additional inhibitory effects come into operation. The increased inhibition seems to be effective through the cotyledons, since it is abolished when the cotyledons are covered, a treatment which does not interfere with the inhibition by low fluence rates of B (Fig. 2) . In green cucumber seedlings, the action of phytochrome in the cotyledons is transmitted to the hypocotyl whose elongation growth is inhibited (2); and so it seems possible that the effect of very high fluence rates of B upon the cotyledons is in fact due to activation of phytochrome in these organs.
Effect of Norflurazon. Bleached seedlings do not show enhanced sensitivity to B (Fig. 2) , suggesting that in normal cucumber seedlings effective screening by Chl does not occur, as it does in some cases (18) . Moreover, the B-absorbing photoreceptor is not a carotenoid since synthesis of these compounds is prevented by the herbicide (6, 13 (Table I ) and the action through the cotyledons (Fig.  2) . The marked difference in the response kinetics of green cucumber seedlings to R and B (9) show, however, that a specific B photoreceptor is also responsible for photoinhibition, a conclusion also reached in several other studies (3-5, 17, 21) . In the present experiments we have further demonstrated a specific effect of B by comparing the action of long term B with that of a light source producing a similar 4 (Figs. 3 and 4) . If only phytochrome were involved, equal cycling rates and equal photoequilibria should produce the same response (18) , no matter what the light source is, which is clearly not the case here. Thus, the operation of a discrete B-photoreceptor is well established. Moreover, the effect of different fluence rates operating through phytochrome and through the B-receptor show that the latter is a more effective fluence rate detector, a property which has been suggested previously (9) . A major part of extension growth in the natural environment, including the response to fluence rates brought about by shading (7, 15, 19, 20) , may be due to control via this receptor.
We conclude that B elicits responses which are not attributable solely to phytochrome, although phytochrome does participateincreasingly so as the fluence rate of B rises. Photocontrol of extension growth in the natural environment, on this basis, is ascribed to interactions between the B-receptor and phytochrome, a phenomenon which is being investigated further in this laboratory.
